To investigate the effect of dietary lipid quantity and/or quality on penis morphology in adult rats.
Introduction
The incidences of overweight and obesity have increased in the Western world, reaching pandemic proportions.
The excessive accumulation of fat is considered a chronic disease of multifactorial character, where the interaction between genetic and environmental factors such as diet and sedentary lifestyle is one of the main mechanisms responsible for its prevalence 1 .
Large prospective epidemiological studies including the Framingham study 2 indicate that overweight and obesity are strongly associated with an increased incidence of death from cardiovascular diseases. Recently, erectile dysfunction (ED) has been proposed to be a good marker of the risk of cardiovascular events 3 . By definition, ED is characterized by the inability to achieve and/or maintain a penile erection sufficient for sexual intercourse. The prevalence of this disease increases with age, and can be considered a serious public health problem given that ED often coexists with other diseases, such as diabetes mellitus, hypertension, and hyperlipidemia 4 .
Few studies have evaluated the role of diet on ED and more specifically in the modification of penile morphology. It is known that unhealthy diets (rich in cholesterol, for example) are associated with inflammation and the presence of cellular adhesion molecules, which causes injury to the endothelial cells by oxidative stress 5 . On the other hand, the replacement of saturated fatty acid (SFA) with polyunsaturated fatty acid (PUFA) seems to be a great alternative in the prevention of metabolic diseases and endothelial dysfunction 6 , which could diminish the risk of development of ED.
Until now, there have been no reports on the effect of these types of lipids on the morphology and extracellular matrix components of the penis. Qiu et al. 7 was one of the first to show that high-fat diet-induced hyperlipidemia causes hyperplasia of the smooth muscle of the corpus cavernosum (CC), which could be associated with ED development. Thus, the purpose of the present study was to investigate the effect of dietary lipid quantity and/or quality on the morphology of the penis in adult rats.
Methods

All procedures were approved by the Institutional
Animal Care and Use Committee of our institution (IBRAG, CEUA/027/2012).
Thirty-eight male Wistar rats were studied from 3 to 7 months of age and housed in the Urogenital Research Laboratory (Rio de Janeiro, RJ, Brazil) in a temperature-controlled room (21 ± 1ºC) with a 12 h:12 h light-dark cycle. At 3 months of age, the animals were randomized into 4 groups according the lipid content of the diet: normal lipid diet (NL; n=8), high-fat diet rich in saturated fatty acid (HF-S; lard; n=10), high-fat diet rich in polyunsaturated fatty acid (HF-P; canola oil; n=10), and highfat diet rich in polyunsaturated and saturated fatty acids (HF-SP; n=10). The composition of the diet was detailed in a previous publication 8 ; it followed the recommendations of the AIN-93M 9 and was made by PragSoluções (www.pragsolucoes.com.br)
Before the euthanasia (7 months old), all rats were fasted overnight (12 h), and approximately 5 mL of blood was drawn from the right atrium. Blood was centrifuged at room temperature for 8 min (3000 rpm) and plasma was separated and frozen in an 80ºC freezer to conduct future analyses (triacylglycerol, serum total cholesterol, serum glucose, insulin, and testosterone). Then, a bilateral thoracotomy was performed and the penises were removed for histological analysis. Data were analyzed with Prism 5 (GraphPadPrism software, San Diego, CA, USA). One-way analysis of variance followed by Bonferroni's post hoc test was used to determine the differences among the groups. The values were considered to be significantly different at p<0.05.
Results
Regardless of the diet lipid quality, all animals that received the high-fat diets showed an elevation in body mass. After the first week of the diet, the animals in the HF-SP group (386.00 ± 44.02 g) were heavier than those in the NL group (328.00 ± 28.22 g; p=0.0050). The HF-S (398.20 ± 36.12 g) and HF-P (401.80 ± Histomorphometrical analysis showed that the Sv of elastic fibers (in the CC), the A T of the penis and CC (with and without tunica albuginea) did not differ between the groups (Table   1) . Nevertheless, an increase of 28%, 27%, and 40% was observed in the Sv of collagen fibers in the HF-S, HF-P, and HF-SP groups when compared with the NL group (p<0.0001), respectively ( Table   1 ). The HF-SP group presented an elevation in this parameter in comparison with HF-S and HF-P groups (Table 1) Additionally, the Sv of smooth muscle cells was higher in the HF-S, HF-P, and HF-SP groups than in the NL group (p=0.0027), corresponding to increases of 43%, 43%, and 44%, respectively (Table 1 and Figure 1) . Inversely, the Sv of sinusoids was lower in the HF-S (27%), HF-P (28%), and HF-SP (32%) groups than the NL group (p<0.0001) ( Table   1 and Figure 1) . Similarly, the high-fat diet groups showed a reduction on the cell proliferation in the CC in comparison with the NL group (HF-S: 35%, HF-P: 46%, HF-SP: 34%; p=0.0003) ( Table 1 and Figure 1 ).
Discussion
In the present study, we investigated the effect of the On the other hand, chronic intake of canola oil, rich in PUFAs of the n-3 series (HF-P group), proved to be effective in preventing these alterations in the metabolism of lipids and carbohydrates.
Western pattern diet has been used in rodent models to investigate the biochemical characteristics and erectile function 5, 7 .
A therefore, more susceptible to less availability of nitric oxide, an essential molecule in maintaining the erectile function 6 .
In contrast, a substantial body of knowledge shows that a PUFA-rich diet inhibits the increase in serum cholesterol 13 In light of these findings, the high-fat diet administration, independent of the lipid quality, promoted an increase of body mass and penile morphological changes in rodent models.
Polyunsaturated fatty acids and/or saturated fatty acids, when administered in excess, contributed to the increase in the number of collagen fibers and smooth muscle cells, and induced a reduction of the sinusoids, which may lead to ED. Certainly, more studies are needed to confirm these results, given the scarcity of the literature on the subject.
